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Abstract 
Manure is the major pollution source of the pig-rearing industry and its application as a natural fertilizer is the main 
way to dispose it. As excess manure brings potential risks to surface and ground water, it is important to determine 
the capacity of croplands to assimilate manure nutrients. In this study, manure nutrients obtained from pig excretions 
from smallholder, specialized and concentrated livestock industries were estimated on a provincial level in China in 
2002 and 2008. This was then correlated to the capacity of the cropland to assimilate the nutrients through the 
planting of 20 crops. The manure nitrogen (N) increased from 1.907 millions tonnes (Mt) in 2002 to 2.247 Mt in 2008, 
while the manure phosphorus (P) increased from 0.634 Mt in 2002 to 0.733 Mt in 2008. The specialized and 
concentrated pig industries were the major sources of manure nutrients. Moreover, manure nutrients generated from 
the Henan, Hunan, Hubei, Sichuan, Guangdong, Liaoning, Guangxi, Heilongjiang and Shandong provinces 
contributed to more than 60% of the total levels in China. The specialized pig industries in the northern and eastern 
provinces generated more manure N than the southwestern provinces and overall, this value grew in most provinces 
from 2002 to 2008. The total levels of manure production were higher in the eastern and southern than in western and 
northern. `Especially, the concentrated pig-rearing industries grew at a rapid pace and made an important contribution 
to excess manure nutrients. The correlation analysis of manure nutrients generated to cropland assimilation capacity 
showed that the capacity was adequate for the pig manure nutrients. This study demonstrates that Beijing, Tianjin 
Guangdong, Hunan and Sicuan should take measures to cut down the amount of manure nutrients, and determining 
the pig-rearing industrial scale according to the nutrient capacity of the available land is a must for avoiding the risk 
of excess manure nutrients. 
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1. Introduction 
The livestock industry has been set as a priority target of agriculture pollution control in the 12th 
National Five-Year Plan of China [1]. This industry has been exponentially growing in China since 1978 
and its untreated waste has become a huge environmental challenge [2]. In particular, animal excreta are 
used as manure and applied to enrich the cropland nutrients, specifically nitrogen (N) and phosphorus (P) 
[3]. However, excessive use of manure leads to increased soil nutrients with a potential risk of surface and 
ground water contamination [4, 5]. In fact, a  study in eastern China showed a soil overload of phosphorus 
from livestock manure in 2000 [6]. To reduce the risk of excess nutrient-mediated agriculture pollution, 
areas with excess nutrients should restrict the expansion of livestock industries and excess manure should 
be transferred to manure-deficient areas. Therefore, estimating the amount of manure nutrient generated in 
each region and the corresponding nutrient assimilation capacity of croplands is essential to avoid the risk 
of excess soil nutrients. 
Manure of livestock can provide nutrient for soil and improve soil structure. Applying manure helps to 
reduce the negative impact of chemical fertilizers in agriculture [7]. Because pig-rearing dominates 
China’s livestock industry [2], manure from pig excreta has great potential to contribute to total soil 
nutrients. However, manure from pig excreta is smelly and in a slurry form. It is difficult and expensive to 
transfer slurry from the pig-rearing factories to farmland for utilization. Especially, the pig-rearing 
industry is becoming more specialized and intensive nowadays [2, 8, 9]. Limited by the cost of 
transportation, the intensive pig industry tends to contaminate water and soil due to excess manure and 
urine [10]. Moreover, in 2005, the per capita consumption of meat was 82.1kg a-1 in the developed world, 
but only 59.5kg a-1 in China [8].  Because pork is the main form of meat eaten in China [11], the pig-
rearing industry of China is expected to grow rapidly and so are the manure nutrients of pig excreta in the 
near future. Hence, estimation of manure nutrients of pig excreta is important for manure management in 
China. 
This paper aims to estimate the amount of manure nutrients excreted by pigs of smallholder, 
specialized and concentrated pig-rearing industries in China in 2002 and 2008. This analysis also provides 
insights into the risks of using excess manure relative to the nutrient assimilation capacity of croplands. 
 
Nomenclature 
Smallholder scattered individual peasant household-run farms 
Specialized run by peasantries who take the pig industrial as their principle work 
Concentrated modern farm having much large scale and run in industry way 
2. Materials and methods  
2.1. Manure nutrient of cropland estimations 
Manure nutrients excreted by pigs were estimated at the provincial level (Fig. 1) in 2002 and 2008. 
The pig-rearing industry is divided into the smallholder, specialized and concentrated sectors according to 
inventory number per year, i.e., ≤49, 50-499, and ≥500, respectively. All the data for inventory and 
sales numbers were obtained from the China Animal Industry Yearbooks 2003 and 2009 [12]. 
 Pigs are divided into three types according to their feeding phases: nursery, fattening and breeding 
(Table 1). The proportion of each type in a given herd was provided by the farmers and was used to 
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estimate the number of animals in different feeding phases. The following equation was used to calculate 
the amount of manure nutrient [13]: 
 
NE = [IA×PH /C+SA/ C×(C -1)/ C]×EC×RF×(1-PL)×365×0.000001 (1) 
 
where NE is the total amount of nutrients excreted by the pigs in t; IA is the number of pigs; SA is the pig 
sales of the; PH is the proportions of the herd; EC is the excretion coefficient in g cap-1 d-1; C is the cycles 
for slaughter pig per year; 365 is the number of days in one year; 0.000001 is the conversion coefficient; 
PL is the proportion of lost manure nutrient in the total manure nutrient excreted by pig; RF is the 
recoverability factor for each pig.  
The parameters for estimation of manure nutrients of pig are summarized in Table 1. The nutrients 
estimated in this paper were nitrogen (N) and phosphorus (P). The EC values were obtained from research 
done by the Ministry of Agriculture of China in 2009 [14]. Because nutrients are lost during the handling, 
storage and application processes, especially for N, which readily volatizes as ammonia, N loss rates were 
obtained from a study by Rotz [15]. The P loss rates were much lower than N [3] and a loss rate of 15% 
was used [13]. 
Table 1. Animal categories and their parameters for estimation of manure nutrient 
Parameter Nursery pig Fattening pig Breeding pigs herds 
N P N P N P 
Cycles per year -- 2 -- 
Proportion of herds (%) 40 50 10 
Recoverability factor 0.95 0.95 0.95 
Excrete 
Coefficients 
(g cap.-1 d-1) 
Region 1 20.4 3.48 33.23 6.06 43.66 9.93 
Region 2 26.03 3.05 57.7 6.16 78.67 11.05 
Region 3 11.35 1.44 25.4 3.21 39.6 5.11 
Region 4 19.83 2.51 44.73 5.99 51.15 11.18 
Region 5 10.97 1.94 19.74 4.84 22.02 6.55 
Region 6 21.49 2.78 36.77 4.88 40.79 5.24 
Loss rates (%) 60.9 15 60.9 15 60.9 15 
Note: The Region 1 included Beijing (BJ), Tianjin (TJ), Hebei (HeB), Shanxi (SX) and Inner Mongolia (IM). The Region 2 included 
Liaoning (LN), Jilin (JL) and Heilongjiang (HLJ). The Region 3 included Shanghai (SH), Jiangsu (JS), Zhejiang (ZJ), Fujian (FJ), 
Jiangxi (JX), Shandong (SD), Anhui (AH) and Taiwan (TW). The Region 4 include Henan (HeN), Hubei (HuB), Hunan (HuN), 
Guangdong (GD), Guangxi (GX), Hainan (HN), Hong Kong (HK) and Macao (MC). The Region 5 included Yunnan (YN), Guizhou 
(GZ), Sichuan (SC), Chongqing (CQ) and Tibet. (TB). The Region 6 included Gansu (GS), Qinghai (QH), Ningxia (NX), Shaanxi 
(SaX) and Xinjiang (XJ). 
2.2. Nutrient capacity of cropland estimations 
The uptake coefficient (UC) was used to estimate the capacity of the cropland to assimilate nutrients 
(Table 2). Data for yields of crops were obtained from the China Statistical Yearbook 2003-2009 [16]. 
The UC means kilograms of nutrient uptake by crop per yield or per hectare. The nutrient capacity was 
calculated using: 
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NAC=YA×UC×0.001 (2) 
 
where NAC is the capacity of the crop land to assimilate nutrients in t; YA is the crop yield in t or sown 
areas in ha; UC is the uptake coefficient in kg t-1 or kg ha-1; 0.001 is the conversion coefficient. 
2.3. Indicators for manure nutrient relative to nutrient capacity 
The ratio (RA) of manure nutrient to the nutrient uptake capacity of cropland was calculated to identify 
potential problems with manure utilization and disposal. The nutrient ratio relative to the maximum 
nutrient assimilation capacity is calculated by: 
 
RA=∑NE×UE /∑NAC (3) 
 
where UE is the utilization efficiency, which is 0.70 for N and 0.97 for P. UE is used to determine 
nutrient loss due to volatilization, denitrification, leaching or runoff [21]. 
Table 2. Uptake coefficients of various crops 
Crop Unit 
Uptake coefficients 
N P 
Rice kg t-1 22.5 4 
Wheat kg t-1 30 5 
Corn kg t-1 25.7 4 
Grains kg t-1 38.4 6.7 
Soybean kg t-1 72 6 
Beans kg t-1 72 6 
Potato kg t-1 3.5 1.72 
Peanut kg t-1 68 5 
Rapeseed kg t-1 58 9 
Sesame kg t-1 67.6 10.09 
Hu flaxseed kg t-1 67.6 10.09 
Sunflower kg t-1 43.5 7.86 
Oil crops kg t-1 71.9 8.87 
Seed cotton kg t-1 50 7.43 
Lint kg t-1 150 16.2 
Hemp kg t-1 80 11.35 
Cane kg t-1 4.0 1.08 
Beet kg t-1 14 0.76 
Tobacco kg t-1 41 12.88 
Vegetable kg ha-1 217.6 34.5 
Note: The uptake coefficients were summarized  
from literatures [17-20] 
                    Figure1. Provinces of China 
3. Results   
3.1. Manure nutrients of pig  
Comparing the manure N values from 2002 to 2008, it was observed that manure N increased from 
1.907 Mt in 2002 to 2.247 Mt in 2008, with a compound annual growth rate of 2.77%. The manure P also 
increased from 0.634 Mt in 2002 to 0.733 Mt in 2008, with a compound annual growth rate of 2.44%. 
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Specifically, the contribution of the specialized and concentrated pig-rearing sectors to total manure N 
increased from 26.44% in 2002 to 55.23% in 2008 while their contribution to total manure P increased 
from 28.39% in 2002 to 58.07% in 2008. The specialized and concentrated pig-rearing sectors have now 
become the major manure nutrient source. 
As shown in Figs. 2 and 3, the Henan, Hunan, Hubei, Sichuan, Guangdong, Liaoning, Guangxi, 
Heilongjiang and Shandong provinces generated most of the manure nutrients in China, contributing to 
more than 60%. The manure N of Fujian, Shandong, Henan, Shanxi, Hunan, Zhejiang, Yunnan, 
Guangdong and Sichuan provinces increased by 25-56%, while that of Anhui, Guizhou, Guangxi, Beijing, 
Tianjin, Hainan, Qinghai, Shanxi, Tibet and Shanghai provinces decreased by 24-84% from 2002 to 2008. 
Strikingly, the manure N of Heilongjiang, Liaoning and Xinjiang provinces increased by 100-178%, i.e., 
the value more than doubled in six years indicating that there was a rising pressure from manure to the 
croplands in these provinces. On the other hand, the manure P of Jilin, Heilongjiang, Xinjiang, Tibet, 
Hainan, Liaoning, Hubei, Shaanxi, Henan, Yunnan, Guangdong and Fujian increased by 26-94%, while 
that of Guizhou, Anhui, Hebei, Guangxi, Tianjin, Shanghai and Beijing decreased by 12-36% from 2002 
to 2008. The changes of manure nutrient levels of the other provinces were relatively small during this 
time period. 
 
Figure 2. Manure N of pig excreta in China in 2002 and 2008  
 
Figure 3. Manure P of pig excreta in China in 2002 and 2008 
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The concentrated sector, which generated 44-60% of total manure nutrient, was the largest manure 
nutrient source in Beijing, Shanghai, Guangdong, Fujian, Zhejiang, Henan and Jiangxi provinces in 2008 
(Fig. 4). The specialized sector, which contributed to 40-63% of total manure nutrients, was the largest 
manure nutrient source in Tianjin, Liaoning, Shandong, Heilongjiang, Xinjiang and Jilin provinces in 
2008. In the remianing provinces, the manure nutrients came from smallholder pig-rearing industries, 
which produced 36-92% of the total manure nutrients. Overall, from 2002 to 2008, the manure nutrients 
of the concentrated sector grew in most provinces except in Shanghai and Tibet, while manure nutrient of 
the specialized sector grew in most provinces except in Heilongjiang, Shanghai and Beijing. Meanwhile, 
the contribution of the smallholder sector to manure nutrient decreased in all provinces. Generally, the 
pig-rearing industry was becoming more and more intensive in most provinces. 
 
 
Figure 4. Manure nutrients of pig excreta of the concentrated, specialized and smallholder pig-rearing industries in China in 2002 
and 2008 
 
Figure 5. N assimilation capacity of cropland in 2002 and 2008 
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Figure 6. P assimilation capacity of cropland in 2002 and 2008 
3.2. Nutrient capacity of cropland 
The total N assimilation capacity of cropland in China increased from 17.69 Mt in 2002 to 19.78 Mt in 
2008, with a compound annual growth rate of 1.88%. The total P storage capacity of cropland increased 
from 2.78 Mt in 2002 to 3.15 Mt in 2008, with a compound annual growth rate of 2.10%. According to 
Figs. 5 and 6, Henan, Shandong, Heilongjiang, Sichuan, Jiangsu, Hebei, Anhui, Hunan, Hubei and 
Guangxi had the greatest nutrient assimilation capacity at more than 60% of the total value. Excepting 
Jiangsu, Fujian, Beijing, Guangdong, Zhejiang, Tianjin and Shanghai provinces, the nutrient storage 
capacity grew in all other provinces from 2002 to 2008. On the whole, the capacity of cropland to 
assimilate nutrients was higher in the eastern provinces as compared to the western provinces. 
3.3. Manure nutrient levels correlated to the nutrient storage capacity of cropland  
According to Figs. 7 and 8, the N ratio of manure nutrients generated from the pig-rearing industry to 
nutrient storage capacity of cropland in the various provinces ranged from 0.015-0.487 and 0.015-0.277 
in 2002 and 2008, respectively, while the P ratio ranged from 0.033-0.682 and 0.046-0.504. This 
indicated that the nutrient assimilation capacity of cropland in each province was adequate for their 
manure nutrients from the pig-rearing industry.  
And the total manure N of China correlated to the nutrient storage capacity were 0.108 in 2002 and 
0.114 in 2008, while that of P were 0.228 in 2002 and 0.232 in 2008. This suggests that the nutrient ratio 
overall increased in China from 2002 to 2008. At the provincial level, the nutrient ratio was higher in the 
eastern and southern provinces compared to the western and northern provinces, indicating a higher risk 
of surplus nutrients in the former regions. The nutrient ratio was higher in 2008 than in 2002 in Liaoning, 
Hunan, Guangdong, Fujian, Heilongjiang, Zhejiang, Henan, Shaanxi, Sichuan, Shandong, Yunnan, 
Xinjiang, Ningxia and Jiangsu provinces, indicating a growing risk of excess nutrients. However, the 
nutrient ratio was lower in 2008 than in 2002 in the remaining provinces. This suggested that the stress of 
manure nutrients to croplands got relieved to some extent in several provinces. 
Comparing N and P, in general, the P ratio was higher than N ratio in all the provinces. And there were 
seven provinces had N ratio higher than 0.2 in 2002 but only four in 2008. While the number of provinces 
with P ratio higher than 0.4 was three in 2002 but five in 2008.  In another word, the area with high P load 
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was expanding while with high N load was shrinking. These showed that the risk of excess P was higher 
than that of N. 
 
Figure 7. Ratio of manure N to the N assimilation capacity from 2002 to 2008 
 
Figure 8. Ratio of manure P to the P assimilation capacity from 2002 to 2008 
4. Discussion 
According to the results from this study, the nutrient capacity of cropland was much larger than pig 
manure nutrients in most provinces. But this did not mean that there was adequate nutrient capacity for all 
kinds of manure nutrients. Because other livestock, e.g. cattle, cow, poultry and sheep, also excreted 
significant amount of manure in China. According to the inventory number of pig, cattle, cow, sheep, 
poultry [12] and animal units per animal (an animal unit represents 1,000 pounds of live animal weight 
and serves as a common unit for aggregating over different types of livestock) [13], there were about 
155.8M animal units of the livestock and 63.2M animal units of pigs in 2008. This means that the total 
amount of manure nutrients of all livestock was at least twice times of amount of manure nutrients of pig 
excreta, and so were the N ratio and P ratio mentioned in this study. Because P ratio is mostly used to 
determine the amount of manure applied to the land [6, 13] and P had higher risk of overload which 
mentioned above. Therefore, the provinces, including Beijing, Tianjin Guangdong, Hunan and Sicuan, of 
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which P ratio were higher than 0.4, probably had already faced risk of excess P and should take measures 
to cut down the manure nutrients immediately.  
As mentioned above, the pig-rearing industry has become more specialized and concentrated. The 
concentrated pig-rearing industry generates large amounts of manure everyday, which exceeds the 
nutrient capacity of local croplands. While trasnporting the manure to croplands in distant nutrient-
deficient areas is an option, this is not economically feasible. Especially, affected by the Shuanghui 
Clenbuterol Event [22-25], which is crisis of confidence in food safety caused by smallholders feeding 
pigs with clenbuterol, pig product manufacturers tend to stock pigs from concentrated pig-rearing sectors 
or develop their own concentrated pig-rearing industry. The rapid expansion of this sector has generated 
high risk of excess nutrients to the locality and its neighbors. Determining the scale of the pig-rearing 
industry according to the nutrient capacity of the available land is essential to avoid the risk of excess 
manure nutrients. 
The analysis method used in this study may have over-estimated or under-estimated the nutrient 
assimilation ratio as it is neither economically feasible to transport manure throughout a given province 
nor do all the farmers within a province apply manure to their lands [13]. Consequently, nutrient ratio for 
some regions within a province might be higher or lower than the average value for the province. That 
other materials in manure such as metals, antibiotics and hormones were not considered would also 
contribute to the underestimation. Hence, the nutrient assimilation capacity of cropland estimated here 
might be higher than the actual capacity, indicating that the risk from excess manure might be higher than 
that estimated. 
5. Conclusion  
From 2002 to 2008, the total manure N and P of pig-rearing increased by 2.77% and 2.44% annually in 
China, respectively. Among the three sectors, the specialized and concentrated pig-rearing sectors grew 
rapidly and had been the major manure nutrient sources until 2008. The risk of excess manure nutrient 
was higher in the eastern and southern than in western and northern. And the risk of excess P was higher 
than that of N. Especially, Beijing, Tianjin Guangdong, Hunan and Sicuan probably had faced risk of P 
excess should take measures to cut down the manure nutrients immediately. Determining the scale of pig-
rearing industry according to the nutrient capacity of the land is essential for avoiding risk of excess 
manure nutrient. 
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